U.S.  ARMY  MEDICAL  RESEARCH 
INSTITUTE  OF  CHEMICAL  DEFENSE 


USAMRICD-TR-96-03 

Autoradiographic  Localization  of 
L^^IJ-Ricin  in  Lungs  and  Trachea  of  Mice 
Following  an  Aerosol  Inhalation 
Exposure 


Deffrey  A.  Doebler 
Robert  B.  Moeller 
Norman  D.  Wiltshire 
Thomas  W.  Mayer 
Dames  E.  Estep 
Richard  K.  Traub 
Clarence  A.  Broomfield 
Craig  A.  Calamaio 
William  L.  Thompson 
M.  Louise  Pitt 


Dune  1996 


19960813  107 


Approved  for  public  release;  distribution  unlimited 


U.S.  Army  Medical  Research 

Institute  of  Chemical  Defense 

Aberdeen  Proving  Ground,  MD  21010-5425 


DISPOSITION  INSTRUCTIONS: 


Destroy  this  report  when  no  longer  needed.  Do  not  return  to  the  originator. 


DISCLAIMERS: 

The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department  of  the  Army 
position  unless  so  designated  by  other  authorized  documents. 

In  conducting  the  work  described  in  this  report,  the  investigators  adhered  to  the  "Guide  for 
the  Care  and  Use  of  Laboratory  Animals,"  NIH  Publication  86-23,  revised  in  1985. 

The  use  of  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the  use  of 
such  commercial  hardware  or  software.  This  document  may  not  be  cited  for  purposes  of 
advertisement. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

0MB  No.  0704-0188 

Public  reponing  burden  for  ibis  colleclion  of  informai.on  ia  esiimaled  lo  average  1  hour  per  response,  aTp^ronhis  collection  of  informalion.  including  suggeslioiK  for  reducing 

d  ia  eX  an*d  compleiing  and  reviewing  .he  collection  of  inforination  ^  ““ 

ihis  burden,  ui  Washington  Headquaners  Seivices.  Direc.ora.e  for  Informalmn  Operaiions  and  Report  .tea 

^  Prestn-.-t  rnTfU-OlRHV  Washineion,  DC  2050-v  - — - - - - - - 

t,  ,V  0  OFPnRTDATE  3  REPORTTYPEAND 

1.  agency  use  only  (leave  t,iank)  Technical  Report 

DATES  COVERED 

MlTdS”™'l»'i»  »'  ('”11-Riei"  l»  Lungs  and  Trachea  of  Mice  Following  an 
Aerosol  Inhalation  Exposure  _ _ _ — 

5.  FUNDING  NUMBERS 

61102A 

3M161102BS12  AA 

6.  AUTHOR(S)  Doebler,  JA,  Moeller,  RB,  Wiltshire,  ND,  Mayer,  TW,  Estep,  JE,  Traub, 

RK  Broomfield,  CA,  Calamaio,  CA,  Thompson,  WL,  Pitt,  ML 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Commander 

U.S.  Army  Medical  Research  Institute  of  Chemical  Defense 

ATTN:  MCMR-UV-PN 

3100  Ricketts  Point  Road 

Aberdeen  Proving  Ground,  MD  21010-5425  - : 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9,  SPONSORING, 'MONITORING  AGENCY  NAME(S)  ANT)  ADDRESS(ES) 

Commander 

U.S.  Army  Medical  Research  Institute  of  Chemical  Defense 

ATTN:  MCMR-UV-RC 

3 1 00  Ricketts  Point  Road 

Aberdeen  Provin^rounO^  21010-5425 

10.  SPONSORING/MONITORING 

agency  report  number 

USAMRlCD-TR-96-03 

1 1 .  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

12b.  DISTRIBUTION  CODE 

L"cSrd  »  c«lc  Ih.  light  Microscopic  dislribu.ion  of  ['■■■Hicin  » 

parhology  in  mica  tollowing  single,  nose-oniy.  aerosol  inhalanon  exposures.  Groups  o  «  "  “  ‘  f 

and  1  4  6  8,  12,  and  24  hours  post-exposure.  At  15  minutes  post-exposure,  abundant  ^  f 

spaces.  At  all  later  times,  however,  [’“l]-ricin  was  observed  primarily  within  the 

illular  targets  for  ricin  within  the  lungs  could  not  be  identified  using  the  techniques  employed,  ^  theref 

ultrastructufal  autoradiography  be  used  to  determine  cellular  ricin  binding  targets.  The  primary  patho  og 
was  multifocal  epithelial  necrosis  of  the  secondary  bronchioles. 

rrespxDnding  lung 
anatized  15  minutes 
ent  within  alveolar 
j  larger  passageways, 
ore  recommended  that 
al  abnormality  detected 

14.  SUBJECT  TERMS 

Ricin,  Autoradiography,  Lungs,  Aerosol  Inhalation 

15.  number  of  PAGES 

10 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

UNCLASSIHED 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

UNCLASSIHED 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

UNCLASSIFIED 

*-  S 

20.  LIMITATION  OF 
ABSTRACT 

UNLIMITED 

landard  Form  298  (Rev.  2-89) 

NSN  7540-01-280-5500  Prescribed  by  ANSI  Std.  Z39-18 


298-102 


Acknowledgments 


The  authors  wish  to  thank  H.  Shafer  for  excellent  technical  support. 


Introduction 


The  inhalation  of  aerosolized  ricin  is  believed  to  represent  a  potentially  significant  hazard  to 
military  personnel  (Cope  et  al.,  1946;  Quinchon  and  Levy,  1962;  Korosuo,  1971).  The  primary 
biochemical  lesion  produced  by  ricin  is  inactivation  of  protein  synthesis  (Olsnes  et  al.,  1974). 
However,  the  precise  sites  of  toxin  action  remain  unknown.  Recent  studies  conducted  in  our 
laboratories  (Doebler  et  al.,  1995)  have  suggested  that  the  lungs  may  represent  the  only 
pathophysiologically  important  site  of  [^-‘^IJ-ricin  accumulation  following  an  aerosol  exposure. 

This  hypothesis  is  consistent  with  previous  results  indicating  that  histopathological  abnormalities 
are  essentially  restricted  to  the  lungs  following  an  aerosol  exposure  to  ricin  (Griffiths  et  al.,  1993). 

The  current  investigation  was  conducted  to  determine  the  microscopic  distribution  of 
ricin  in  mice  following  aerosol  inhalation  exposures  and  to  relate  ricin  binding  to  pathological 
findings. 


Materials  and  Methods 

Ricin  (Vector  Laboratories,  Burlingame,  CA)  was  iodinated  with  carrier-free 
(Amersham,  Arlington  Heights,  IL)  using  the  lactoperoxidase  method  (Marchalonis,  1969). 
Extensive  studies  were  conducted  previously  to  validate  the  use  of  [*‘'’I]-ricin  as  a  probe  for  toxin 
localization  (Doebler  et  al.,  1995).  The  toxicity  of  ['-T]-ricin  was  confirmed  both  in  vitro  (using 
inhibition  of  protein  synthesis  and  inhibition  of  cellular  proliferation  as  endpoints)  and  m  vivo 
(using  a  two-dosage  regimen  with  survival  as  endpoint).  In  addition,  the  degradation  of  ['"I]- 
ricin  in  mouse  tissues  was  found  to  be  substantial  (69-74%  of  radiolabel  in  liver  and  spleen  was 
precipitated  in  10%  trichloroacetic  acid  at  60  min  post-injection),  but  not  so  severe  as  to  preclude 
the  use  of  [*'^I]-ricin  as  a  probe  for  toxin  localization  (Doebler  et  al.,  1995). 

Twenty-eight  male  CD-I  mice  (weighing  18-22  grams)  were  obtained  from  Harlan  Sprague- 
Dawley  Inc.  (Detrick,  MD).  Upon  arrival,  mice  were  quarantined  and  observed  for  evidence  of 
disease  for  5  days  before  use.  Mice  were  housed  in  polycarbonate  shoebox  cages  in  groups  of  10 
or  less  per  cage.  They  were  provided  commercial  certified  mouse  ration  and  tap  water  ad  libitum. 
Animal  holding  rooms  were  maintained  at  21  ±  2  "C  on  a  12-hour  light/dark  cycle.  All  mice 
received  ['"^Ij-ricin  (specific  activity  1.72  X  10^  cpm/mg)  by  nose-only  aerosol  inhalation.  Groups 
of  4  mice  were  euthanatized  (as  described  below)  at  15  minutes,  1,  4,  8,  12  and  24  hours  after 
['■■"’Ij-ricin  exposure;  an  additional  group  of  4  mice  was  euthanatized  at  1  hour  post-exposure 
(total  n  for  1  hour  =  8).  Aerosols  of  ricin  (13  mg/minute/meter^)  were  generated  by  a  Collison 
nebulizer  operated  at  26  pounds  per  square  inch  (psi)  of  air  pressure,  giving  7.5  liters/minute  with 
mass  median  aerodynamic  diameter  (MMAD)  of  1.06  ^^m  (geometric  standard  deviation  =1.203) 
as  measured  by  an  Aerodynamic  Particle  Sizer,  APS3000  (TSI  Inc.,  St.  Paul,  MN).  Total  flow 
rate  through  the  non-rebreathing  system  was  adjusted  to  12  liters/minute  with  a  secondary  air 
flow  of  4.5  liters/minute.  Aerosol  sampling  was  conducted  continuously  for  the  duration  of  the 
10-minute  exposure  using  an  all  glass  impinger  (AGl)  with  a  sonic  velocity  of  6.0  liters/minute. 
The  ricin  exposure  level  was  sublethal  (Estep,  unpublished  data)  and  did  not  produce  overt  signs 
of  toxicity  in  any  of  the  exposed  animais. 


Mice  were  euthanatized  by  pentobarbital  overdose  (6.5  mg/mouse,  ip),  and  blood  was 
collected  (until  heart  stoppage)  by  snipping  the  tail.  Lungs  were  removed  in  toto,  frozen 
immediately  in  a  dry  ice-ethanol  slurry  and  stored  on  dry  ice.  Entire  lungs  were  mounted  and 
sectioned  (at  10  /.^m)  on  a  cryostatic  microtome.  Approximately  every  10th  or  15th  section  was 
saved  onto  a  glass  slide;  this  frequency  was  determined  by  the  presence  of  large  intrapulmonary 
passageways  in  the  immediate  vicinity  of  the  section. 

Preliminary  studies  were  conducted  to  determine  whether  sufficient  resolution  could  be 
obtained  using  X-ray  film  for  the  autoradiography  of  ['^^I]-ricin  administered  by  aerosol  inhalation 
in  the  lungs  of  mice.  Dupont  (Wilmington,  DE)  Chronex  and  Ultra-Vision  G  films  were  placed  in 
direct  apposition  to  cryostatic  sections  of  lung  obtained  from  exposed  mice.  However,  following 
development  of  the  autoradiograms,  it  was  obvious  that  the  resolution  provided  by  either  film  was 
not  sufficient  to  localize  the  label  into  various  compartments  of  the  lung.  Thus,  an 
autoradiographic  emulsion  (Kodak  NTB-3  Nuclear  Track  Emulsion,  Rochester,  NY)  was  used  in 
subsequent  studies  for  the  localization  of  ['“''Ij-ricin.  Tissues  on  slides  were  covered  with  NTB-3 
emulsion,  placed  vertically  to  allow  even  drying,  and  stored  in  the  dark  for  28  days.  Routine 
developing  procedures  (using  Kodak  D-19  developer)  were  employed  at  the  end  of  the  exposure 
period.  Sections  were  then  counterstained  with  hematoxylin-eosin  for  microscopic  examination. 


Results  and  Discussion 

Despite  the  markedly  enhanced  resolution  provided  by  the  emulsion  relative  to  the  films, 
specific  cellular  compartments  accumulating  ['■■‘'I]-ricin  within  the  lung  could  not  be  identified 
with  any  degree  of  certainty.  However,  the  label  could  be  readily  identified  in  specific 
intrapulmonary  air  passageways.  This  distribution  is  briefly  described  below. 

The  distribution  of  [*^‘’I]-ricin  within  the  lungs  differed  markedly  among  groups  of  mice 
sacrificed  at  15  minutes  and  those  groups  sacrificed  at  all  later  times.  In  the  15-minute  post¬ 
exposure  group,  abundant  radiolabeled  material  was  detected  within  the  alveolar  spaces  and  in  the 
lumina  of  bronchioles,  bronchi  and  the  trachea.  At  later  time  periods  (1-24  hours  post-exposure), 
[^■^I]-ricin  was  essentially  restricted  to  the  lumina  of  bronchioles  and  larger  respiratory 
passageways.  The  disappearance  of  radiolabel  from  the  alveolar  spaces  after  the  early  post¬ 
exposure  interval  may  signify  the  actual  absorption  of  ['•■‘'l]-ricin  into  the  alveoli. 

No  pathologic  abnormalities  could  be  detected  in  the  lungs  of  mice  sacrificed  prior  to  24 
hours  post-exposure.  However,  bronchiolar  lesions  were  detected  at  24  hours  post-exposure. 
These  bronchiolar  lesions  consisted  of  sites  of  minimal  multifocal  epithelial  necrosis  (observed 
primarily  in  secondary  bronchioles)  and  were  characterized  by  condensation  of  cytoplasm, 
pyknosis  and  disorganization  of  the  epithelium.  Some  sloughing  of  the  epithelium  was  also 
present.  Occasional  neutrophils  were  observed  transmigrating  the  mucosa  and  submucosa. 

The  major  objective  of  these  studies  was  to  determine  the  cellular  distribution  of  ['"^Ij-ricin 
binding  and  corresponding  histopathological  abnormalities  within  the  lungs  of  mice  following 
nose-only  aerosol  inhalation  exposures.  However,  the  procedures  employed  were  not  sensitive 
enough  to  localize  toxin  or  toxin-induced  damage  to  specific  cell  types  within  the  lungs.  We 
believe  that  such  information  could  be  readily  obtained  using  electron  microscopic 
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autoradiography  combined  with  routine  morphological  analyses.  With  regard  to  toxin 
localization,  we  have  found  that  light  microscopic  autoradiography,  performed  with  either  film  or 
emulsions,  did  not  provide  sufficient  resolution  to  identify  specific  cell  types.  Since  previous 
attempts  to  localize  ricin  using  immunocytochemical  techniques  have  also  not  been  successful 
(D.R.  Franz,  personal  communication),  it  appears  that  ultrastructural  autoradiographic 
procedures,  such  as  those  described  by  Salpeter  and  Bachmann  (1972),  are  required  to  determine 
ricin  localization  within  specific  cell  types.  We  were  also  unable  to  identify  any  specific 
respiratory  epithelial  components  within  the  lung  that  may  have  been  selectively  damaged  by 
aerosol-administered  ricin.  The  relatively  thick  (10  /um)  frozen  sections  made  detailed  evaluation 
of  respiratory  epithelial  subtypes  difficult.  It  is  likely  that  routine  morphological  processing 
procedures  (i.e.,  formalin-fixed  tissues  and  5-7  lum  paraffin  sections)  can  be  used  to  obtain 
additional  insight  as  to  specific  lung  cells  damaged  by  aerosolized  ricin. 
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